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HOOK AND LOOP FASTENING 

TECHNICAL FIELD 

This invention relates to hook and loop fastening and especially to stretchy or flexible 
hook and loop fastenings, tabs, straps, ties, and wrappings that can be practical and cost- 
5 effective for fastening applications where elasticity or flexibility are desired. The invention also 
relates to improved fastener materials, to composite products, and to machines and processes for 
forming flexible and elastically stretchable products, and other products that involve hook and 
loop fastening. 

BACKGROUND 

1 0 Stretchy or flexible fastener tabs and fastenings that carry hook and loop closures are 

desirable, for instance, as parts of infant and adult diapers, surgical gowns, and other garments 
and wraps. Fastener tabs typically comprise sheet, film or nonwoven web that have embossing 
or other surface patterns for grasping by the user. To the back of such material, a tape segment 
of fastener elements is secured, forming a laminate structure. The fastener tape is typically 

1 5 made of a synthetic resin that is not stretchable, and the resulting laminate, in the region of the 
tape segment, typically is relatively stiff, does not stretch or flex as desired, or does not present 
the desired degree of cloth-like feel. 

It is desirable that the substance of the tab and the associated fastener tape provide an 
integral component that achieves desired qualities, such as elasticity, flexibility and cloth-like 

20 feel. The invention relates to filling such needs with novel fastenings, and to machines and 

methods of manufacture that enable manufacture of such fastenings, as well as other desirable 
products. 

This invention also relates to composite hook and loop fastenings, straps, ties or 
wrappings, which include both hook and loop regions and to methods of their manufacture, 
25 constituents of such composites, and products employ such fastenings. 

A typical composite hook and loop fastener that has been commercially successful is 
produced by overlooking and attaching pre-formed hook material and pre-formed loop material 
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and overlapping and attaching the two materials together along their edge margins or by totally 
overlapping one over of the other. The attaching has been done by ultrasonic welding, thermal 
fusing and adhesive bonding, steps which add to the cost of the manufacturing process. 
Composite hook and loop materials formed by in situ lamination uniformly across an extensive 
5 surface of a pre-formed loop web during forming the hook component have also had 

advantageous uses but have had limitations in other circumstances. Other proposals have 
involved impregnating a web so that resin of the formed hooks lies on both the hook side and 
the opposite side of a second material, or have required special materials that are costly or 
difficult to manufacture, such as separately formed woven and knit loop materials, or have 
10 presented other disadvantages, such as difficulty in manufacture and in achieving the optimal 

balance of desired properties such as hook and loop engageability, stretchiness, flexibility, feel, 
uniformity and cost. 

The following references represent prior proposals directed, in one way or another, to 
aspects of some of the problems addressed here or to materials useful in stretchable, flexible or 

15 composite fastening products. While perhaps effective in some respects, in other respects they 
have not folly met needs met by the present invention. We refer to U.S. Patent Nos. 4,058,853; 
4,247,967; 4,654,246; 4,672,722; 5,133,112; 5,172,980; 5,318,555; 5,669,120; 6,080,347; and 
6,106,922; and to EPO No. 826,354 and WO No. 99/176 31. These references describe 
applications of stretchy fastening or stretchy loop material, define the ranges of elongation and 

20 strength in which elastically stretchable fastening is needed and describe elastic carrier materials 
that can be useful. Accordingly their foil disclosures are incorporated herein by reference. 

SUMMARY 

In one aspect of the invention, a stretchable fastener tape or fastening article comprises 
an array of fastening elements for hook and loop fastening, e.g. hooks having molded stems 

25 extending from respective bases, the product having parting lines or parting regions at spacings 
to define bands or islands of elastically separable fastener elements. The array is in situ 
laminated to the face of an elastically stretchy sheet-form carrier or to the surface of a top layer 
attached to the stretchy carrier. In important embodiments in which there are multiple linear 
bands of fastener elements, linear parting lines or parting regions extend transversely to the 

30 direction of a user's tension. When the fastening article is pulled by the user, the bands of 
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fastening elements move freely with respective portions of the elastic carrier layer on the surface 
of which they reside, the overall array of fastener elements expanding with the substance of the 
elastic carrier. Such parting lines and parting regions also inherently provide lines or regions of 
flexure, at which the elastic carrier can bend or flex relatively free of constraint. Likewise, 
when a carrier is chosen which is flexible or highly flexible, though not elastic, such as a 
highly flexible hook-engageable loop material, the parting lines or parting regions of the 
construction serve as flexure lines or flexure regions that contribute to the flexibility of the 
overall product. 

In another aspect, the invention provides a fastener having a sheet-form carrier of elastic 
composition and one or more band or islands of fastener elements of a band synthetic resin 
secured to at least a portion of the surface of the sheet. The fastener elements each have a base, 
or extend from a common base layer made at least in part of synthetic resin which is integrally 
formed with stems of the fastener elements. The base of each of the stems, or the base layer 
from which the stems extend, is in situ laminated to the carrier sheet and constructed to be 
dominated by the elasticity or flexibility of the carrier so that the bands or islands of fastener 
elements move with stretching or flexing of the carrier. For this purpose, a base layer from 
which hooks extends is preferably discontinuous, and may have a set of spaced parallel parting 
lines or linear bands or regions that are resin-free, or flexure extending transversely to the 
direction of tension or flexure applied to the carrier during use. Thus, tension applied during use 
to a fastener material having an elastic carrier causes bands or islands of hooks to separate 
further from each other, or to flex freely relative to one another. A two dimensional pattern of 
resin-free regions in which islands of in situ laminated fasteners are dispersed enables stretching 
or flexing in all directions. 

Closely spaced parting lines cut in a continuous base sheet for the fastener elements or 
narrow parting regions over an area otherwise fully covered by hooks can maximize the area 
covered by hooks, which is useful, e.g., for small hook segments of diaper tabs. 

Implementation of such aspects of the invention may include one or more of the 
following features. Where a hook base layer is employed, its thickness at parting regions is 
reduced or eliminated. The parting regions are defined by a pattern of grooves formed in a 
base layer. The parting regions comprise cuts in a base layer defining parting lines. The 
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fastener hooks have stems that are molded in rows corresponding to a machine direction in 
which the fasteners are formed, and a base layer of the hooks has a large multiplicity of 
straight parting lines or linear resin-free regions that extend either in the machine direction or 
perpendicular to the machine direction, or form an X,Y, grid. The base of the strip of 
5 fastener elements may include a first base layer integral with the fastener elements and a 
second base layer. The second base layer can be laminated to the first base layer and have 
yieldable character, thus enabling the spacing of the fastener elements to expand with stretch 
of the carrier sheet. In one case, the second base maybe made of a substance rupturable 
under tension applied to the fastener during use or have parting lines that establish 

10 preferential rupture lines. In another case, the second base layer may be made of relatively 
stretchy material compared to synthetic resin that forms the fastener hook elements, which 
stretches with stretch of the principal carrier sheet. The product is preferably an in situ 
laminate, in which the synthetic resin of the first layer, during molding of the fastener 
elements and forming the first base layer, serves to adhere and bond the fastener elements to 

15 the surface of a pre-formed second layer. The elastic sheet-form carrier may be made e.g., of 
thermoplastic elastomer, such as thermoplastic polyurethane or of elastomeric copolymer 
containing PET, such as Hytrel® of E I Du Pont de Nemours and Company. 

According to another aspect of the invention, a method of manufacturing a stretchable or 
flexible fastener includes the following steps: molding a continuous or discontinuous sheet of a 

20 hook component having a base of synthetic resin in the form of rows, bands or islands of stems 
of loop-engageable hooks are, while simultaneously providing a pre-formed carrier sheet of 
elastic or flexible construction or other work pieces and integrally laminating the base of the 
hook component at least partially to a surface of the sheet, or work pieces including forming a 
set of closely spaced parallel parting lines or parting regions, such as resin-free regions between 

25 the rows, bands or islands of loop-engageable hooks. 

Implementation of such aspects of the invention may include one or more of the 
following features. The regions may be formed by reducing or eliminating the thickness of the 
base of the hooks between bands rows or islands of loop-engageable hooks or, parting lines may 
be formed by cutting a continuous base layer of the hook component between bands or islands 

30 of loop-engageable hooks. 
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In certain preferred embodiments, fastener bands or islands include hooks having crooks 
aligned in one direction in opposite senses, the bands extending in the direction in which crooks 
of the hooks point or extending in the direction perpendicular to that direction. In other case the 
fasteners comprise flat-topped stems or are of so-called mushroom shaped. 
5 For elastically stretchy fastening in one case the base of the hooks is preferably in situ 

laminated directly to the surface of a main pre-formed elastic carrier sheet. In another case a 
relatively thin base layer of the hooks is in situ laminated to a first pre-formed sheet, which may 
be stretchable or define appropriate stretchable regions or may be rupturable in the parting 
regions, followed by laminating the first sheet to a carrier sheet of elastic construction. 

1 0 In certain embodiments, as where it is desired to maximize the number of hooks in the 

array, cuts or very narrow grooves or resin free-regions are employed between bands or islands 
of hooks to define, respectively, parting lines or narrow parting or flexible regions, and very few 
rows of hooks comprise each band or island. In other cases, larger width parting or flexible 
regions may be usefully employed. In certain embodiments the bands or islands of hooks of 

1 5 single crook, palm tree, flat-topped stem or mushroom configuration comprises a relatively 
large multiplicity of closely adjacent rows of hooks. 

According to another aspect of the invention, there is provided a composite hook and 
loop fastener in the form of an elongated strip or sheet suitable for a fastening, tab, strap, tie or 
wrapping, which includes at least one stretchy or flexible hook-engageable loop band, and at 

20 least one hook band or hook island permanently affixed to a surface of the loop band by in situ 
lamination. The loop material may be woven or knit, or in many cases, is preferably defined by 
suitably anchored fibers. In some important cases, the products comprise a large multiplicity of 
alternating bands of fastener hooks and of loop material, presenting a striped appearance on one 
side sometimes referred to here as a "zebra-like" appearance. In certain advantageous cases the 

25 back of the strip or sheet is free of hook raising, and is important cases actually provides a 
uniform distribution of hook-engageable loops. One portion of the product is available, for 
instance, for encircling an object to be wrapped and engaging the fastener elements of the hook 
band(s) with the loops or fibers of the loop band. In certain embodiments, the one or more loop 
band(s) each preferably comprises a self-supporting, elastically stretchy or flexible web of 

30 entangled fibers, the fibers forming both a sheet-form body and hook-engageable loops 
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extending from at least one surface of the body, and the hook band or each band has fastener 
elements extending from a common base, which is joined to the stretchy loop material by in situ 
lamination. In some preferred embodiments, the bands, islands or patterns of loop-engageable 
hooks are laminated to one side of a wide loop material of uniform construction, which provides 
loops in those regions of that side not occupied by the hooks. In certain preferred embodiments 
of this aspect, the back of the product presents a uniform, resin-free appearance, and can 
uniform a wide field of hook-engageable loops when desired. 

In important embodiments, a hook band or island comprises a base of synthetic resin 
and an array of loop-engageable fastener elements, the stems of which are integrally molded 
with and extend from the base or a first surface of a base layer, at least a portion of the base 
being laminated in situ to a surface of the loop material, preferably directly to the loop 
material. 

Implementations of this aspect of the invention may include one or more of the 
following features. The web of the loop component may be of uniform construction 
throughout its width and may comprise a nonwoven fabric having exposed fibers that define 
loops. In certain cases, preferably the web is a needled nonwoven fabric, or a composite 
fabric. A nonwoven needled web may weigh less than about 4 ounces per square yard (136 
grams per square meter), preferably, in many instances, less than 2 ounces per square yard 
(68 grams per square meter). The nonwoven web may be in a stretched state (due, in the case 
of forming a stretchy carrier, to pre-stretching predominantly or totally in its lengthwise 
direction), that is then stabilized by activation or application of a binder, (preferably, for a 
stretchy carrier, using a binder having elastic qualities), that prevents substantial return of the 
web to its original unstretched state. In the case of an elastically stretchy carrier, the web is n 
preferably stretchy mainly in its widthwise, direction. The loops of the loop component may 
extend from loop structures, and at least some of the loop structures may each have a 
common, elongated trunk portion extending from the web from an associated knot, with 
multiple loops extending from the trunk portion. The loop component may have a margin in 
which surface fibers or loops of the component are encapsulated in resin of the hook 
component, and a main body free of hook component resin, or may serve as the carrier of 
multiple spaced apart bands or islands of hooks, while defining effective bands or regions of 
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loops adjacent to the regions of hooks. The loop prior to the in situ lamination of the regions 
of hooks, the free hooks, the free loops being unavailable component may have two broad, 
opposite sides, and loops may uniformly extend to be engageable on either side by hooks. 
The hooks, preferably comprising parallel rows of hooks in bands or spaced-apart island of 
5 hooks, may have dimensions less than the regions of loop component, and may be provided 
on one or both sides of the product. The fastener elements of the hook component may be 
hooks having single crooks or may be of palm tree, flat topped stem or mushroom shape. 

According to another aspect of the invention, a method is provided for manufacturing 
a fastening or fastener tab, strap, tie or wrapping, including the following steps: providing a 

1 0 longitudinally continuous pre-formed sheet of stretchy or flexible loop material, the loop 

material having loops extending from at least a first surface; permanently bonding by in situ 
laminating in a nip formed by a mold roll and a pressure roll at least one band of plastic hook 
material to a selected region only to a surface structure of the loop material to form a 
laminate, with the hook material at least partially overlapping the loop material widthwise 

15 and in many cases having a width significantly less than the width of the loop material, the 
stems of the hook material being integrally molded with and extending from their bases or a 
base layer in situ laminated to the loop material; and cutting the laminate to form a fastening 
or fastener tab, strap, tie or wrapping that has at least one portion of the loop material and at 
least one portion of the hook material. 

20 Implementations of this aspect of the invention may have one or more of the 

following features. The step of bonding may include continuously feeding the pre-formed 
loop material through a nip defined between a rotating mold roll and a pressure roll, the 
rotating mold roll defining a multiplicity of fixed cavities about its periphery for molding at 
least the stems of the fastener elements of the hook material, while introducing molten resin 

25 to the mold roll under conditions which cause the resin to fill the cavities of the mold roll via 
the stem regions of the cavities, in which pressure in the nip defined between the two rolls 
bonds the hook material to the surface structure of the loop material. The molten resin may 
be introduced to the mold roll in multiple, discrete regions along the roll, thereby forming 
multiple, parallel strips of hook at least the base of the stems of the material being laminated 

30 to the loop material. The loop material may be uniform, widthwise, and extend the full width 
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of the in situ molding and laminating station or the loop material is fed into the nip in the 
form of multiple parallel strips, the hook material residing between adjacent strips of hook 
material in the nip, and have its surface structure in situ laminated to the hook material 
After the in situ molding and bonding step, the laminate may be slit longitudinally into 
5 multiple, longitudinally continuous strips, each strip including both hook material and loop 
material, and cut transversely at appropriate widths to form stretchy or flexible tabs, straps, 
ties or wrappings. 

In certain preferred embodiments, a method includes providing the loop material as a 
web having a nonwoven, exposed surface comprising entangled fibers, the fibers forming both a 

1 0 sheet-form web body and hook-engageable freestanding loops extending from at least one 
surface of the web body. In certain preferred embodiments, the loop material is the needled, 
stretched and stabilized web described herein. In other cases the loop material comprises a 
laminate of a resin film and a nonwoven layer on one side or on both sides, for stretch products 
the resin film being elastic, such as a thermoplastic electromer. 

1 5 Fastenings, including stretchy or flexible "zebra-like" and "leopard like" appearing 

materials, are provided having spaced bands or a distribution of islands of molded loop- 
engageable hooks or molded pre-forms for hooks, between which are bands or regions of 
different character. Molding is by rigid molds filled from the base region of the stems. In 
certain preferred embodiments, linear bands or islands of fastener elements are themselves 

20 inextensible in the direction of their extent and comprise multiple rows of fastener elements. 
For ease of forming a uniform, elastically stretchy or flexible product, the bands or islands of 
fastener elements extend in the machine direction during manufacture. Embodiments shown 
employ a widthwise continuous carrier of uniform character to which multiple spaced bands 
or islands of hooks have their molded stems in situ bonded, and in other embodiments, over- 

25 lapping margins of the bases of hook bands are in situ laminated to the surface structure of 
adjacent bands of carrier using a laminating/ molding nip in which one of the rolls is a mold 
roll, the pressure of the nip being effective to produce laminating bond with the bases of the 
stems or a common base layer, without having the resin permeate the entire thickness in the 
case porous substrates carriers. For a preferred mode of manufacture of an elastically 

30 stretchy product, stretchy carrier material is provided that it stretchy substantially only in the 
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widthwise, (cross-machine) direction. In composite hook and loop fastener products, the 
bands or regions of material that is between adjacent bands or islands of hooks comprise 
loop-engageable material, uniform in construction widthwise the loop-forming material itself 
being an elastically stretchable or a flexible component. In useful product categories the 
hook bands or islands and intervening regions of material have importantly different width 
ranges. In a hook portion of a fastener tab, hook bands are at least as wide as and preferably 
wider than intervening bands or islands or regions of elastically stretchy or flexible material. 
For a wide range of straps and wrappings, especially for medical and athletic use, in which 
the intervening material comprises hook-engageable loops, the width of the bands or regions 
of loop material ranges between about 1 and 5 times as wide as adjacent bands or regions of 
hooks. Where the material is to provide a wrapping as in cable wraps or to form the body of 
envelopes or pouches, the width of the bands or regions of loop material are more than 5 
times, and in some cases more than 10 times the width of adjacent fastener element bands or 
regions. For, e.g. long straps or ties, an extended length of loop material is arranged to 
engage with a small patch of hooks. Novel elastically stretchable and flexible loop-defining 
materials and their methods of manufacture and for molding the products are shown. In situ 
lamination of hook, bands or islands on materials held in a planar orientation or presenting a 
planar surface, extend in rigid flexible materials is also featured. 

Other aspects, features and advantages of the invention will be apparent from the 
following description of embodiments, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross-machine direction, cross-sectional view of a stretchy hook fastener. 
FIG. 1 A is a top view of the fastener of FIG. 1. 

FIG. IB is a machine direction, cross-sectional view of the stretchy fastener of FIG. 1 
taken in plane IB-IB of FIG. 1. 

FIG. 2 is a view of the hook fastener similar to that of FIG. 1, in a stretched state. 
FIG. 2A is a top view of the stretched hook fastener of FIG. 2. 

FIG. 3 is a cross-machine, cross-sectional view similar to Fig. 1, of another embodiment 
of a stretchy hook fastener according to the invention. 

FIG. 3 A is a top view of the hook fastener of FIG. 3. 
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FIG. 4 is a cross-machine, cross-sectional view of the hook fastener of FIG. 3 in a 
stretched state. 

FIG. 4A is a top view of the hook fastener of FIG. 3 in a stretched state. 
FIG. 5 is a machine direction, cross-sectional view of another embodiment of a stretchy 
5 hook fastener. 

FIG. 5 A is a top view of the fastener of FIG. 5. 

FIG. 6 is a machine direction, cross-sectional view of the hook fastener of FIG. 5 in a 
stretched state. 

FIG. 6 A is a top view of the stretched hook fastener of FIG. 5. 
10 FIG. 7 is a machine direction, cross-sectional view of another embodiment of a stretchy 

hook fastener according to the invention. 

FIG. 7 A is a similar view of the hook fastener of FIG. 7 in a stretched state. 
FIG. 8 is a cross-machine direction, cross-sectional view of another embodiment of a 
stretchy hook fastener according to the invention. 
1 $ FIG. 9 is a machine direction side diagrammatic view of an apparatus for forming the 

hook fasteners of FIGS. 1, 5, and 8. 

FIG. 9 A is a view of the apparatus of FIG. 9, taken in plane 9A-9A. 
FIGs. 9B through 9E are views of other machine arrangements for forming parting or 
flexural regions in hook material while Figs. 9F and 9G are transverse and longitudinal cross- 
20 section views, respectively, of a product formed with the apparatus of Fig. 9E. 

FIG.9H is a plan view of a hook sheet, which is flexible in orthogonal directions. 
FIG. 91 is a cross-section of part of another mold roll configuration 
FIG. 10 illustrates an apparatus for forming the hook fasteners of FIGS. 3 and 7. 
FIG. 1 1 is a top view of a stretchy diaper tab. 
25 FIG. 1 1 A is a cross-sectional view of the diaper tab of FIG. 1 1 taken in plane 11A-11A. 

FIG. 1 IB is a top view on a larger scale of a diaper with a stretchy diaper tab, 
indicating, by a circle, the place of the view of Fig. 11. 

FIG. 12 is a perspective view of a wrap tie having an elongated loop component 
overlapping and in situ laminated to a short hook component and adapted for permanent 
30 union with a bag or similar article. 
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FIG. 12A is a perspective view of a bag having the wrap tie of FIG. 12 attached to its 
surface. 

FIG. 12B is a side view similar to Fig. 12 of a wrap-tie having loops on both sides of 
an elongated loop component. 
5 FIG. 12C is a side view similar to FIG. 12B, of a wrap-tie having an elongated loop 

component, an end portion of which overlaps and is in situ laminated to the entire back 
surface of a hook component. 

FIG. 1 2D is a side view of a wrap-tie in which a hook component is in situ laminated 
to the middle of an elongated loop component. 
1 0 FIG. 1 2E is a side view of a wrap-tie in which an elongated stretched hook 

component overlaps and is in situ laminated to a short loop component. 

FIG. 12F is a side view of a wrap-tie in which a hook strip is attached face-to-face to 
the loop strip. 

FIG. 13 A is a diagram of the face of a preferred nonwoven loop material for use as a 
15 loop component, enlarged SOX. 

FIG. 13B is a still further enlarged schematic view of the face of the nonwoven loop 
material shown in FIG. 13 A. 

FIG. 13C is a sketch side view, on a still further enlarged scale of the nonwoven 
material of Figs. 13A and 13B illustrating clusters of loop fibers extending from a fibrous 
20 mat. 

FIG. 14 is a side view of a twisted wrap tie according to the invention. 

FIGS. 15A and 15B are perspective magnified views of portions of a hook fastener 
and a stretched hook fastener, respectively. 

FIG. 16 illustrates an apparatus for forming and uniting components of a wrap tie or 
25 other product of the invention. 

FIG. 17A is a perspective view of a portion of the apparatus of FIG. 16 modified for 
forming a preferred product of FIG. 18, while FIG. 17B is a view taken in plane 17B-17B of 
FIG. 17A. 
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FIG. 18 illustrates in magnified, diagrammatic cross-machine, cross-sectional view, a 
web comprised of in situ attached loop and hook bands formed with the apparatus of FIGS. 
17Aand 17B. 

FIG. 19 is a perspective view of four hook and loop segments formed by slitting the 
5 web shown in FIG. 1 8. 

FIG. 20 is a top view of a hook and loop segment that has been perforated cut. 
FIG. 21 is an enlarged side view of the hook and loop segment, taken along line 21- 
21 in FIG. 20. 

FIG. 22 is a magnified cross-sectional view of the interface between the hook and 
10 loop segments, taken along line 22-22 in FIG. 21 . 

FIG. 23 is a similarly magnified cross-sectional view of the circled area in FIG. 21. 
FIGS. 24 and 24 A depict delivery of discrete fastener tabs. 

FIG. 25 is a diagrammatic illustration of a double-sided loop material formed on an 
elastomeric base while FIG. 25 A illustrate the loop material of Fig. 25 in an elastically 
1 5 stretched condition resulting from application of tension. 

FIG. 26 is a diagrammatic illustration of a knit loop material in a relaxed state while 
FIG. 26A illustrates the loop material of Fig. 26 in a lengthwise tensioned, widthwise relaxed 
state in which it can be stabilized, e.g. by a binder, to impart widthwise stretchiness. 

FIG. 27 is a transverse cross section (cross-machine direction) of a composite loop 
20 material during its manufacture. 

FIG. 27A is a similar view of the composite loop material of FIG. 27 after 
manufacturing has been completed. 

FIG. 28 is a diagrammatic perspective view of a "zebra-like" composite stretchy hook 
and loop material. 

25 FIG. 28A is a transverse cross-sectional view taken on line 28A-28A of FIG. 28, on an 

enlarged scale, indicating by a circle a section at which FIG. 27A is taken. 

FIGS. 28B and 28C are longitudinal (machine direction) cross-sectional views taken 
respectively on lines 28B-28B and 28C-28C of FIG. 28 A, on an even more enlarged scale. 

FIGS. 28D and 28E are cross-sectional views on still a more enlarged scale of the 
30 circled portions of FIGS. 28B and 28C, respectively. 
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FIG. 28F is a cross-sectional view taken on line 28F -28F of Fig. 28D. 

FIG. 29 is a diagrammatic side view of a machine for forming the product of FIG. 28. 

FIGS. 29A and 29B are transverse views taken on lines 29A-29A and 29B-29B of FIG. 

29. 

FIG. 30 is a plan view of an article produced from the material of FIG. 28, by cutting on 
lines A of Fig. 28. 

FIGS. 30A and 30B are plan and cross-machine direction elevation views of the material 
of FIG. 30 under tension during use. 

FIG. 30C illustrates a dispenser for a roll of strapping or wrapping material formed 
according to FIG. 28 in widths such as illustrated in FIG. 30 or FIG. 33. 

FIG. 3 1 is an illustration of a use of the article of FIG. 30 as a supporting strap. 

FIG. 3 1 A is a magnified view of the material within circle 3 1 A of FIG. 30. 

FIG. 32 illustrates adaptation of the article of FIG. 30 as a cinching strap while FIG. 32A 
illustrates the application of a wider width wrapping such as that of Fig. 33. 

FIG. 33 illustrates an article cut along lines C of FIG. 28 while FIG. 33A illustrates the 
article of FIG. 33 in stretched condition. 

FIG. 33B illustrates a use of the article of FIG. 33 as a wrapping for human joints, limbs 
and torso. 

FIG. 34 illustrates an article cut at a bias angle along lines B of FIG. 28. 

FIG. 35 is a plan view of a further starting material, while FIGS. 36-38 are plan views of 
further articles according to the invention, formed e.g. from the material of Fig. 35. 

FIG. 39 diagrammatically illustrates, in plan view, a method and apparatus for forming a 
stretchy loop material similar to that depicted in FIG. 27A. 

FIG. 40 is a diagrammatic cross-section taken along lines 40-40 of FIG. 39. 

FIGS. 41 and 42 diagrammatically illustrate, in transverse cross-section and plan views, 
respectively, another stretchy material useful according to the invention. 

FIGS. 43 and 44, illustrate in side and plan views, respectively, a method and apparatus 
for forming a novel needled stretchy loop material. 

FIG. 45 is a front view of a fastener element molding apparatus of the present invention 
applying fastener elements to a planar sheet or work piece. 
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FIG, 46 is an isometric view of the apparatus of FIG. 45 illustrating only the fastener 
element mold roll portion of the apparatus applying engageable fastener elements to a sheet or 
work piece. 

FIG. 47 is a cross-sectional view of the mold roll of FIG. 46 taken along line 47-47 of 
5 FIG. 46. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to the embodiment of FIGS. 1, 1A, and IB, a stretchy fastener 100 features 
an elastic carrier layer 110 laminated to a fastening layer 120. The fastening layer 120 has a 
base layer 122 and linear bands 125 of rows of hook elements 124a, 124b, the stems of which 

10 are integrally molded with the base layer (FIGS. 1 A and IB). Tiny, loop-engageable hooks 
124a and 124b have single crooks at the ends of molded stems, in this case, the crooks also 
being of molded form, employing fixed mold cavities such as described in Fischer 4,872,243, 
hereby incorporated by reference. The mold cavities fill by entrance of molten resin via the 
open base region of the stems of the hook fastener cavities. 

15 In the example shown, the molded crooks of hooks 124a are aligned in the same 

direction as, but oriented to point in the opposite sense to that of the hooks 124b in the 
immediately adjacent parallel row of the respective band of hooks, (see the direction of the 
arrows). The direction of the rows of hooks is perpendicular to stretching direction 130 
(FIG. 1 A). In one direction, in this case corresponding with the direction in which the crooks 

20 of the hooks are aligned, the base layer 122 is continuous in thickness and provides hook 

bands 125 that are relatively inextensible. Between the bands of hook elements 125 there are 
discontinuities in the base material that provide parting regions 126. The regions 126 are 
formed by grooves that make the base very thin, or non-existent between the bands of hooks, 
as shown. 

25 Other molded forms of loop-engageable hooks may be employed, e.g. of palm tree or 

tiny molded mushroom configuration. Likewise, fastener stem preforms may be molded, 
followed by a "flat-topping" or other forming operations for forming loop-engageable heads. 
An advantage technique of flat-topping the stems thus formed on a carrier, as described here, 
is described further below in connection with Fig. 12. In one example the fastening layer 120 

30 is of hooks of CFM-29 designation, available from Velcro USA Inc. of Manchester, New 
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Hampshire, U.S.A. The CFM-29 hooks may be only 0.015 inch (0.38 mm) in height h, with 
a width w of 0.017 inch, and a thickness T of 0.006 inch. The bands of hooks 125 may have 
width r as small as 0.022 inch up to e.g., 0.125 inch inch and may be spaced at a distance x, 
as little as 0.010 inch up to e.g. 0.750 inch apart. The thickness t of the elastic carrier layer 
5 may be 0.005 inch. The thickness of the base material b may be 0.003 inch underneath the 
hook rows, while in the area of the parting regions the thickness may be 0.001 inch, less or 
completely absent. The parting regions are parallel to the direction of orientation of the 
crooks of the hook elements and as shown, are formed between every other hook row, i.e. 
each band 125 of hooks, defined between parting regions, comprises two rows of hooks, 
10 124a and 124b, respectively. In other cases there may be more rows of hooks. In the 
embodiment shown, between individual hooks 24a and 24b in a band are molded low- 
elevation formations 127 joined to the sides of stems of respective hooks, serving to 
strengthen them, in accordance with hook products CFM-29 designation available from 
Velcro USA. 

1 5 Either before use or at the time of first use of the fastener, tension is applied along the 

stretching direction 130, perpendicular to the direction of the parting regions 126 (FIG. 2). 
The applied tension causes an elongation (Ax) of the elastic layer 1 10 and will rupture any 
material of the fastening layer 120 if it exists at the parting regions 126 (FIG. 2A). When the 
tension is relaxed the fastener 100 returns to its original dimensions, while any material of 

20 the fastening layer 120 that was present along the regions 126 is irreversibly ruptured. 

In one embodiment, the elastic layer 1 10 is composed of a thermoplastic elastomer, 
e.g., SANTOPRENE® supplied by A.E.S. Corporation., and the fastening layer 120 is 
composed of a suitable synthetic resin for fastener hooks such as, polyethylene, 
polypropylene or polyethylene terephthalate (PET). 

25 If a flexible, nonelastic carrier sheet is employed, the sheet is capable of flexing at the 

cut lines or in the regions between the hook bands to achieve a product of enhanced 
flexibility. 

In the embodiment shown in FIG. 3, the base 122 of the fastening layer 120 is a 
laminate including a first base layer 121 and a second base layer 123. The first base layer 
30 1 2 1 is composed of strong synthetic resin suitable for fastener hooks and is integrally molded 
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with and, preferably, is of the same resin material as the stems of hook elements 124a, 124b. 
The base layer 121 in this embodiment is continuous in the direction of the band of hooks, 
extending in the direction of the arrows as shown, but as shown in FIG. 3, is discontinuous in 
the normal direction, i.e. the direction of eventual tension 130, or the direction of flexing. 
5 The second base layer 123, chosen for compatibility with the resin of layer 121, is composed 
of an elastomeric resin and has a yieldable or rupturable character. When tension is applied 
in the stretching direction 130 the second base layer 123 between the bands of hooks 
expands, or ruptures along lines 132, in either case enabling the fastening layer 120, i.e. the 
bands 125 of hooks, to follow the stretching of the elastic carrier layer 110 (FIGS. 4 and 4A), 

1 0 (or the flexing of a flexible, but non-stretchy carrier). When the tension is relaxed the 
laminate fastener 100 returns to its original unstressed dimensions. 

In one example, the thickness c of the first base layer 121 is 0.001 inch, and the 
thickness d of the second base layer 123 is 0.001 inch. The first base layer is composed of 
polyethylene, polypropylene or PET, the same as that of the stems of the hooks, and the 

15 second base layer is composed of a thermoplastic elastomer, such as a thermoplastic 

polyurethane or an elastomeric copolymer containing PET such as HYTREL® supplied by 
E.I. du Pont de Nemours and Company, or SANTOPRENE® supplied by A.E.S. Corporation. 
The second layer 123 may be formed by coextrusion with the resin of base layer 121, and 
laminated in situ with the elastic carrier material 110. In another case, the second layer 123 

20 may be preformed and introduced into the nip for in situ lamination with base layer 121 as 
the latter is formed, and the carrier material may be laminated after the hook stems are 
molded. 

Whereas in accordance with the embodiment of Fig. 1, the hook bands due to 
continuity of the base layer of the hooks, resists elongation of the composite in the direction 

25 of the hooks, other embodiments are also possible. In one case, the bases of the molded hook 
stems are directly laminated to the loop material at the time of being molded, without there 
being a continuous base layer, or in other cases larger discretely separate islands of hooks can 
be formed while having limited dimension in both length and width, separated from each 
other in both, (X and Y) orthogonal directions on the carrier. Thus can be economically 

30 formed a composite which has parting or flexing regions arranged in two orthogonal 
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directions, enabling elastic stretching or simple flexing in both of those directions, and 
hooking capability in strategically selected locations, with economical use of the hook- 
forming resin. The carrier may be of material much less costly than the resin of which the 
molded stems or molded hooks are formed. 
5 Referring to the embodiment of FIG. 5, as in Fig. 1, a stretchy fastener 100 features 

an elastic carrier layer 1 10 laminated to a fastening layer 120. The fastening layer 120 has a 
base layer 122 and linear bands 125' of hook elements 124a', 124b', integrally molded with 
the base layer (FIG. 5 A). However, in this embodiment, hook elements 124a', 124b' are 
oriented, as shown by arrows, to be parallel to the stretching direction 130 (FIG. 5 A). In this 

10 case, the base layer 122 is continuous in thickness in the direction perpendicular to the 

direction in which the crooks of the hooks point, to define linear bands 125' of hooks that are 
relatively inextensible in that direction. Between the hook element bands 125 ' there are 
parting regions 126'. The parting regions 126' are formed by grooves leaving the base very 
thin or nonexistent in those regions, as shown in Fig. 5. 

15 Tension applied along the stretching direction 130 (FIGS. 6 and 6 A) and 

perpendicular to the direction of the parting regions 126' causes an elongation (Ax) of the 
elastic layer 1 10 and rupture of any material of the fastening layer 120 existing at the parting 
regions 126'. When the tension is relaxed, the fastener 100 returns to its original dimensions, 
while any material of the fastening layer 120 in the parting regions 126' is irreversibly 

20 ruptured. 

As in Fig. 5, in the embodiment shown in FIG. 7, the rows of hook elements 124a', 
124b' are oriented in opposite sense and parallel to the stretching direction 130, and the 
relatively inextensible bands 125' of hooks extend in the direction perpendicular to the 
direction in which the hooks point. The base 122 of the fastening layer 120 is a laminate 

25 including a first base layer 121 and a second base layer 123, similar to the construction of 
Fig. 3. The first base layer 121 is made of strong synthetic resin suitable for fastener hooks 
and is integrally molded with the stems of hook elements 124a', 124b'. The second base 
layer 123 is made of a less strong material and has yieldable or rupturable character. Tension 
applied in the stretching direction 130 (FIG. 7A) causes the second base layer 123 to expand 

30 or rupture along lines 132, in either case enabling the fastening layer 120, i.e. the bands 125' 
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of hooks, to follow the stretching of the portion of the elastic carrier layer 110. When the 
tension is relaxed the laminate fastener 100 returns to its original unstressed state dimensions. 

Other embodiments include parting lines that are either cut (or perforated) at spaced 
intervals (FIG. 8) to form weakened lines 126" or in some instances are fully cut through the 

5 base 122 of strong forming material. 

The products of FIGS. 1, 5 and 8 may be economically formed by the process and 
apparatus illustrated in FIG. 9. Extruder barrel 42 melts and forces the molten plastic 40 
through a slot-form die 41. The extruded plastic enters the nip 44 between base roll 48 and 
mold roll 46, the latter containing mold cavities shaped to form the hooks of a strip-form 

10 hook fastener component of the well known hook and loop type (or fastener stems, only, for 
later forming of loop-engageable features, e.g. by flame heating the distal ends of molded 
stems followed by engagement with a forming surface such as a cooled bar or a cooled 
forming roll, see U.S. Serial No. 09/231,124 referred to below). Simultaneously with 
introduction of the molten plastic 40, a pre-formed carrier web 110, which for FIGS. 5 and 8 

15 is at least elastically stretchy in the cross-machine direction, enters the nip 44 and is in situ 
laminated to the back surface of the hook fastener material, opposite the side on which loop- 
engageable hooks or stems for such hooks, are being molded. (By "in situ" is meant that 
bonding action or laminating pressure is applied while the resin is in the mold cavities of the 
mold roll.) Grooves or interruptions in the base layer of hook material are formed between 

20 the hook bands during the molding of the hook layer by oversized rings 49 located at spaced 
apart intervals on the pressure roll (FIG. 9A, or e.g. for forming the product of Fig. 1, by 
oversized spacer rings 49 between the mold rings 76 which are stacked together along the 
axis in the conventional way to form the mold roll 46). "Oversize" here refers to rings 
having larger outer diameter than the outer diameter of the mold rings. The oversize of rings 

25 49 ' reduces the spacing (in limited regions 55) between the mold roll 46 surface and the 

pressure roll 48 and causes the plastic resin 40 to form a very thin base layer or a groove in 
the respective regions of base layer 122. In some cases (see FIG. 9C), according to the 
invention the oversized rings 49 ' are adjusted in position closer to the base roll 48 than the 
thickness t of the preformed elastic carrier such that peripheral portions 77 of the over-size 

30 rings indent resiliently the substance of the carrier sheet and prevent entry of molten resin in 
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the corresponding regions. In the alternative of Fig. 9D, the oversized rings 49* themselves 
are formed of resilient material such as a hard elastomer, and in their peripheral regions 77 
the mating portions of the rings and the carrier 110' engage with pressure further limiting or 
fully eliminating resin from these regions. The carrier 1 10 in this case need not be 

5 elastomeric, and may for instance be a nonwoven loop material or other flexible sheet. 

As illustrated in Fig. 9E, the apparatus of Fig. 9B can be used to advantage in forming 
a one-component hook sheet 79 which has thinned flexure regions 78 between bands 125 of 
hooks. In this case, resin 40 (e.g. in this case, polypropylene for forming "living hinges") 
from extruder 42 fills hook mold cavities 75 and the entire gap between the mold roll 46 and 

1 0 the pressure roll 48, no pre-formed sheet being introduced to the mold gap. The resulting 
product can have enhanced flexibility in the cross machine direction by the cooperation of 
the many living hinges alternating with the bands of hooks. Similar flexure regions 78' can 
also be formed extending cross machine by suitable cross machine protrusions from the mold 
roll, see Fig. 9H, resulting in islands of molded hooks connected to each other by thin 

15 flexures of the hook-forming resin, the side of the island depending on the spacing and width 
of the oversize forming rings and axially extending forming protruding ridges or other 
features employed to define the islands. 

Fig. 91 shows an alternate form of the peripheral edges of the "oversize" spacer rings, 
adapted to form larger parting or flexural regions. 

20 Referring again to FIG. 9, to form the cut parting lines 1 26' 9 of the embodiment in 

FIG. 8, the hook fastener with the laminated elastic web 43 travels around the periphery of 
mold roll 46 to stripping roll 50, and into a slitter 52 (shown in dashed lines), which in this 
case, is provided. The slitter 52 has multiple spaced apart blades to slit the laminate hook 
strip 43 in-between every hook band. The finished product 100 goes from there to a windup 

25 device, not shown. 

Referring to FIG. 10, to form the double base layer for the products of FIGS. 3 and 7, 
a pre-formed web for the second base layer 123 is led into the nip 44 between the mold roll 
46 and base roll 48 and is in situ laminated to the back of the formed first base layer 121 with 
the integral hooks 124 (FIG. 10). The formed hook fastener with the two base layers 45 is 

30 then fed into a nip 64 between two heated rolls, 66 and 68, together with the elastic carrier 
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web 110. The elastic carrier web 1 10 is thermally fused or otherwise adhered to the back of 
the second base layer 123, so that layer 123 effectively forms part of the sheet-form carrier. 
Alternatively, this second lamination occurs in situ, i.e. in the region between nip 44 and 
take-off roll 50 while the molded hooks remain in their mold cavities. This can be 
5 accomplished either by applying a layer fresh from a second extruder, or by flame, adhesive 
or other lamination of a pre-formed sheet led from a supply roll. 

For more detail about the operation in general, of an in situ lamination apparatus the 
reader is referred to U.S. Patent 5,260,015 to Kennedy, et al., which discloses laminates of 
various materials, and to U.S. Patent 5,441,687, to Murasaki et al, which discloses another 
10 form of in situ lamination, i.e. lamination which occurs while hooks being formed are still in 
their mold cavities. 

One of the many applications of a stretchy or flexible fastener as disclosed is as a 
stretchy or flexible diaper tab. Referring to FIGS. 1 1 , 1 1 A and 1 IB, a stretchy diaper tab 6, 
for instance, has a stretchy fastener 18 and an elongated elastic layer 110 extending beyond 

15 the stretchy fastener area 18. One end 6b of the diaper tab 6 is attached to a diaper 8 to form 
part of a hook and loop type closure. A second end 6a is used for grasping the diaper tab. 
The stretchy diaper tab has a width (w d ) 1 inch, and a length (la) of 2 inch. 

Other features and advantages of this aspect of the invention may include one or more 
of the following. The elastic or flexible carrier web 1 10 may be post-laminated by thermal 

20 fusion or ultrasonic welding to a pre-formed fastener hook layer. In the embodiment of FIG. 
3 the second base layer 123 may include weakened lines (not shown) and the weakened lines 
may be cuts. The elastic or flexible carrier layer 110 may also be a nonwoven material. 

Since the bands of hooks are relatively inextensible, and lie normal to the direction of 
tension, the width of these bands relative to the width of the parting region determines how 

25 much of the elasticity or flexibility of the carrier is neutralized by the laminated hook resin. 
Accordingly, various degrees of extensibility or flexibility of tabs, straps, ties or wrappings 
formed by the process described can be achieved even by using the identical thickness and 
properties of the resin for the carrier. It is simply necessary to change the relative widths of 
hook bands and intervening resin-free bands for a given length of carrier material. 

30 An important further aspect of the invention is the introduction of hook-forming 
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molten resin to a mold roll in multiple, discrete bands along the roll spaced further apart than 
illustrated, e.g., in FIG 1 or FIG. 3 to register with corresponding bands of hook mold 
cavities in the mold roll, thereby forming multiple, parallel but further separated bands of 
hook material laminated to a stretchy or flexible carrier, which may be the material, e.g., 
5 from which a diaper tab is formed. This material may be slit in various ways to form useful 
stretchy or flexible fastener products. 

Aspects of the invention are further illustrated in application to a so-called wrap tie in 
which a stretchy material is an elastically stretchy hook-engageable loop material. 

Referring to FIG. 12, a wrap tie 1 1 features an elongated strip of stretchy nonwoven 

10 loop material 10, attached to a short strip of hook material 20. 

The strip of nonwoven loop material has a first surface 14 with hook-engageable 
loops 12 and a second relatively smooth surface 16. The strip of hook material 20 has a first 
surface 22 with integrally molded fastener elements 26 and a second smooth surface 24. The 
fastener elements may be, e.g., single crook hooks, palm tree-shaped hooks, or hooks of 

15 mushroom shape. The strip of hook material 20 can be initially formed with integral molded 
stems only, the loop engaging head shaped formed subsequently. An example is by flat- 
topping the stem to form a mushroom shape, e.g. by the advantageous use of a flame of 
burning gas jets to rapidly soften the extreme ends of the stems, followed by engagement by 
a cooled forming bar or a forming roll, such as is described in U.S. Application SERIAL 

20 NO. 09/231,124 filed January 15, 1999 and PCT EP 00/00329, the entire contents of each of 
which is hereby incorporated by reference. The smooth surfaces of the hook and loop strips 
overlap distance d and are attached at joint 28 so that the loops and hooks extend in opposite 
directions of the wrap tie. A pressure sensitive adhesive layer 30 covers the remainder of the 
smooth surface 24 of the hook strip 20. For a face-to-face attachment of the hook and loop 

25 strips (FIG. IF), i.e., attaching the surface of the loop strip having the loops to the surface of 
the hook strip having the hooks, the base portion of the hook strip 20 has an integral 
extension 29 without hooks for overlapping the loops of the loop strip 10. The pressure 
sensitive adhesive layer 30 is covered with a release liner 32, such as silicon-coated paper. 
The release liner 32 overlaps longitudinally the loop component such that a portion of the 

30 release liner is exposed for grasping. In one example, the tie is 0.5 inch wide, dimension w, 
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the loop strip is 3 inch long, dimension 1, the hook strip is 0.75 inch long, dimension li, and 
the overlap area 128 is 0.4 inch long, dimension d, all components having the same width w. 
The thickness of the loop material may vary between about 0.150 inch and 0.0100 inch, and 
the thickness of the hook material may vary between about 0.100 inch and 0.010 inch. 
5 For further description of such products, reference is made to U.S. Application Serial 

No.09/1 87,936 filed November 6, 1998 (of which this application is a continuation in part), 
and to PCT/US99/25748, each of which is incorporated by reference. 

Referring to FIG. 12 A, the wrap tie of FIG. 12 is attached to an open end of a bag by 
the adhesive layer. The elongated nonwoven loop strip is wrapped around the bag opening 

10 and the free end of the loop strip is secured to the hook strip by engaging the loops with the 
hooks. The wrap tie may be pre-fastened and integrated with the bag, e.g., during 
manufacture of the bag, or it may be applied to the bag at the time of its use, by removing the 
release layer and pressing the adhesive component against the material of the bag. The bag 
may be made of synthetic resin or paper. In some instances the wrap tie may have, instead of 

15 the pressure sensitive adhesive layer, a synthetic resin layer which can be thermally fused to 
the bag surface. 

In such applications in which the products are considered disposable after single use, 
the loop material only need withstand a relatively small number of hooking cycles (e.g., 3 to 
5) over the product's useful life. We refer to these as "low cycle" applications. Loop 

20 products in this category may be fabricated to advantage with needled fabric that has needle- 
formed loops on one or both sides. In certain cases, the material is in a permanently 
stretched and stabilized state, having been stretched to increase its area at least 20%, 
preferably in excess of 100%, as much as 150% or more from its as-needled condition. A 
preferred needled and stretched material is formed of staple polyester yarns of between about 

25 1 8 and 4 denier, preferably 6 denier. Where it is desired that the loop material be stretchy, 
the needled material is rendered stretchy by confining the stretching to one direction, for 
instance the machine direction (while the web in the orthogonal direction is relaxed and 
permitted to neck in), and stabilizing the thus-stretched fabric with a binder that has 
sufficient elastomeric properties which, while stabilizing the product in the direction it has 

30 been stretched, substantially preventing elastic return in that direction, still permits elastic 
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stretching of the material in the direction perpendicular to the direction in which it has been 
stretched and stabilized. An example of such a binder is the class of binders available from 
BF Goodrich Co. under the mark HYSTRETCH®, e.g., grade V-43. 

A more complete description of the process employed (except details of the one- 

5 direction feature of forming stretchy products is not described) may be found in U.S. Patent 
application 09/262,159, entitled Loop Material For Touch Fastening, filed March 3, 1999, 
disclosure of which is hereby incorporated by reference. 

Other applications, such as strapping or bundling, may require the hook-engageable 
loops to withstand a higher number of cycles and higher stress. These relatively "high 

10 cycle", high strength applications generally are preferably achieved by using suitably elastic 
woven or knitted material, or in a needled nonwoven as above, by forming loops with higher 
denier (or higher tenacity) fibers than those suitable for lower performance conditions, or by 
using a heavier weight of material or needling the material at greater intensity, all according 
to known techniques, selected in accordance with the properties required for the particular 

15 application at hand. Loop products in this category may be prepared by stretching an 

appropriate needled loop fabric in the range of 50 percent to 100 percent stretch, for example, 
followed by stabilization. In certain cases, advantageous effects of the invention can be 
obtained by stretching down to a lower limit of about 20%. 

For certain applications, specially treated loop material may be used in a wrap tie. 

20 For example, on a bag that holds an electronic device and needs to dissipate static electricity, 
nonwoven loop impregnated with carbon or stainless steel or other conductive material may 
be used. Carbon or stainless steel fibers may also be blended with staple fiber to form a 
static electricity dissipative nonwoven loop material. A two-sided nonwoven loop material 
may be used on a wrap tie so that, no matter if twisted to any orientation, can be fastened to 

25 the hook. 

Additional configurations of a wrap tie include among others the following: the 
stretchy loop strip 10 has loops on both surfaces 14 and 16 (FIG. 12B), the loop strip 10 
overlaps and attaches to the entire back surface 24 of the hook strip 20, with the adhesive 
layer 30 being intimately bonded to the loop side 14 of the strip (FIG. 12C), the hook strip 20 
30 attaches across its entire back to the middle of the loop strip 10 (FIG. 12D), and an elongated 
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hook strip 20, which may be of formed and stretched material as disclosed in U.S. Serial No. 
09/070,876 filed April 30, 1998 and its parent application, each of which is hereby 
incorporated by reference, is attached to a short loop strip 10 (FIG. 12E). 

In preferred embodiments, the nonwoven loop material 10 (FIG. 12) is very thin, but 

5 still self-supporting, and has relatively free fibers forming loops extending from one side or 
both sides of a continuous, tangled mat of fibers. In preferred embodiments the nonwoven 
loop material 10 comprises a needled fabric of staple fibers which has been stretched 
longitudinally and stabilized, to form a stretchy fabric of the form depicted in FIGS. 13A and 
13B, see U.S. Application Serial No. 09/262,159 referenced in the preceding description. In 

10 such a fabric the individual fibers of the mat follow no definite pattern as in a woven product, 
but extend in various directions within the plane of the fabric mat, albeit because of the 
predominance of stretching in one direction, the fibers are predominantly aligned in that 
direction and offer little resistance to stretching in the perpendicular direction. The loops that 
extend from the loop product are of the same fibers that comprise the mat but extend beyond 

15 the general mass of the mat, out of the plane of the mat, generally from associated knots 180, 
in the form of well anchored loop trees 250 (FIG. 13C). 

As shown in FIG. 13 A, and the magnified illustration of FIG. 13B, in relatively low 
density fiber regions of a preferred mat a substantial number of the fibers of the mat of loop 
material 10 are taut (i.e., not slack, regionally straight), and extend between knots 180 of the 

20 loop material fabric in the direction of the pre-stretching. The taut fibers 1 82 have been 

straightened by tension applied in one direction in the plane of the fabric mat 170, while the 
knots have been produced by slippage and agglomeration caused during the application of 
stretching forces to the needled nonwoven fabric. 

The knot density of the sample may be 1 80 knots per square inch. The knots 

25 themselves may be fairly tight, made up of several monofilament fibers, and are 

interconnected by the taut fibers seen running between them. Between knots, the thin fiber 
mat may not be very dense and may be sheer enough to permit images to be readily seen 
through it. For low cost applications, the fabric preferably weighs less than about 2 ounces 
per square yard (68 grams per square meter). 

30 In particular embodiments in which the loop material is to serve as a stretchy or 
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flexible carrier, the fibers of the mat are held in their taut, straightened condition by an 
elastomeric binder (not shown) applied as a fluid to the side of the mat opposite the loops to 
bind the mat fibers in their straight condition to stabilize the lengthwise dimension of the 
fabric, and to secure the loops at their associated knots. The binder generally ranges between 

5 20 and 40% of the total weight of the fabric and in the presently preferred embodiments 

accounts for about one third of the total weight of the loop component. The resulting fabric 
is dimensionally stable and strong enough to be suitable for further processing by standard 
fabric-handling techniques. If, depending on choice of binder and other parameters, the 
fabric has a slight stiffness, like a starched felt, the stiffness can be mitigated where desired 

1 o by additional softeners or mechanical working of the formed fabric as by microcroping using 
machines from Micrex, Inc. of Walpole, Ma.. 

As seen in FIG. 13C, loops 12 extend from freestanding clusters of loop fibers 
extending from the fibrous mat 170. The clusters 250 which have several monofilament 
loops 12 extending from a common elongated, substantially vertical trunk 252 we call "loop 

15 trees". Each loop tree 250 extends from a corresponding knot 180 in which the loops of the 
cluster are anchored. Interstices between individual filaments in the trunk portion 252 of 
each tree or at the base of each bush, and in each knot 1 80 provide paths for the wicking of 
liquid binder, under the influence of surface tension of the liquid binder, to provide additional 
localized stiffness and strength. Importantly, the density of clusters in the plan view is very 

20 low, leaving sufficient room between the "branches" of neighboring trees to accommodate 
hooks and deflected loop material during engagement. 

See FIGS. 43 and 44 and related text for a description of the method of forming. 
Referring to FIG. 14, the flexibility of the nonwoven material 10 allows it to be 
twisted several times and fastened on the hook fastener strip 20. Even if there are loops on 

25 only one face of the strip, hook-engageable loops occur at all quadrants of the twist, to ensure 
engagement with the hook component. Further the loops around the slit edges of the loop 
strip are oriented in line with the fibrous mat 170, making the edges hook-engageable. 

A hook strip 20 compatible with the loop material is used. For a nonwoven loop 
material made from staple polyester fibers having a denier of 6, a hook may be of the CFM- 

30 29 designation, available from Velcro USA Inc. of Manchester, New Hampshire, U.S.A., 
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described above. The CFM-29 hook strip has hooks of only 0.015 inch (0.38 mm) height. 
Especially when the hook component is the elongated component as depicted in FIG. 12E, 
the hook strip may be a pre-stretched and stabilized hook product. Referring to FIGS. 15A 
and 15B, when a hook product is subjected to lateral pre-stretching, the material of the base 

5 web decreases in thickness, from the original thickness to of FIG. 15A to the reduced 

thickness ti of FIG. 15B. The areal density of the fastener elements is accordingly reduced. 
For example, with hook-form elements of a type having a conventional height of about 0.035 
inch and a spacing of about 0.050 inch along the rows, starting with a spacing of the rows of 
about 0.025 inch and ending with a spacing wi of FIG. 15B of about 0.100 inch, the areal 

10 density changes by a factor of 4, from about 800 fastener elements 1 1 per square inch to 

about 200 fastener elements per square inch. Starting with higher hook densities, higher final 
densities can be achieved to match the hooking needs of particular applications, while still of 
low cost. 

The product of FIG. 12 is economically formed by the process and apparatus 
15 illustrated in FIG. 16. Extruder barrel 308 melts and forces the molten plastic 3 10 through a 
slot-form die 312. The extruded plastic enters the nip 314 between base roll 316 and mold 
roll 318 containing mold cavities shaped to form the hooks of a strip-form hook fastener 
component of the well known hook and loop type. The strip fastener material formed in nip 
314 travels about the periphery of mold roll 3 1 8 to stripping roll 320, which assists in pulling 
20 the finished product 300 from the mold roll, and from there to a windup device, not shown. 

For more detail about the general operation of apparatus such as that of FIG. 16, the 
reader is referred to U.S. Patent application 09/152,044, entitled, Molding Fastener Products 
Having Backings, filed September 11, 1998, which discloses full width laminates made with 
loop materials. 

25 An alternative process and apparatus for forming products such as that of FIG. 12 

employs an extruder barrel having a contoured injection head arranged adjacent a mold roll 
to provide a forming nip without the use of a pressure roll. For more detail about the general 
application of such an apparatus, the reader is referred to U.S. Patent No. 5,441,687 issued to 
Murasaki, et al., mentioned above, the entire contents of which are hereby incorporated by 

30 reference. 
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There are many possible methods of feeding the nonwoven sheet material to the 
forming section of the hook forming device or otherwise combining it with the hook 
elements. According to another aspect of the present invention, it has been realized that a 
special relationship of the nature and orientation of a stretchy carrier or loop material to the 

5 machine, can lead to simple and reliable production of high quality stretchy products at 
relatively low cost. It is realized to be highly advantageous to provide, as the stretchy 
material, a material that is stretchy in only one orthogonal direction, with the direction in 
which the material is stretchable lying in the cross-machine direction. Under these 
conditions, suitable machine direction tension can be maintained on the material to ensure 

1 0 that it tracks well to the machine, and that it can be removed from the machine without undue 
concern as to the complete solidification of the resin, or risk that the web will wander from 
its desired track or wrinkle or otherwise distort. This can enable high speed, efficient 
production of high grade products. Accordingly, the stretchy needled loop product described 
above, and other materials described herein which are stretchy width-wise but resistant to 

15 elongation length- wise, can be used to advantage. 

For forming, e.g. the product of FIG. 12, in one example, shown in FIGS. 17A and 
17B, several transversely spaced apart bands of nonwoven material 350 are introduced about 
the periphery of the base roll 316 and enter nip 3 14 at the same time molten plastic 310 
enters the nip at regions between the bands of loop material. The slot-form die has 

20 alternating plugs and open die spaces, the spaces arranged to provide molten resin that fills 

the spaces 352 between the bands of the nonwoven loop material and produce limited overlap 
of the resin and the bands of nonwoven (FIG. 17B), for forming joints 28 by in situ 
lamination techniques. The edge margins of the bands of nonwoven material bond intimately 
with the edge margins of the molten resin with which bands of hook fasteners 354 are 

25 integrally formed. The bond is formed by encapsulating fibers of the surface structure of the 
loop material with the molten resin of the hook material. Thereby a composite structure of 
alternating bands of loop component and hook component are formed by in situ lamination. 

In another case, a widthwise continuous single web of loop material, such as shown in 
FIG. 16 is fed to the machine, while a slot-form die with alternating plugs and open die 

30 spaces, FIG. 17A, is employed to lay down separated, parallel bands of hooks directly upon 
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the web 5 e.g. to form the in situ laminated product of FIGS. 12C and 12D as further discussed 
below. 

In one example, a web includes (FIG. 18), starting from the left, a 3 inch wide strip of 
unsupported nonwoven loop, an inch and a half wide strip of hook material, in situ bonded at 

5 its margin to surface structure of the nonwoven, a 6 inch wide strip of unsupported nonwoven 
loop, an inch and a half wide strip of hook material,_m situ bonded at the margins to the 
surface structure of the nonwoven material and a 3 inch wide strip of unsupported nonwoven 
loop. The alternating bands of nonwoven and hook material thus overlap partially, being in 
situ bonded at joints 28. The overlap areas are, for instance, 3/8 inch wide. The 

1 0 construction of the nonwoven strip can advantageously uniformly the same in the in situ 

bonding regions behind the hook material and in the resin-free, unsupported regions. After 
formation, the web may pass through a slitter where it is longitudinally slit at the midpoints 
A and C of the hook segments, and at the midpoint B of the 6 inch loop segment. This 
results in four continuous length composite flexible webs, each comprising a narrow band of 

15 hook material joined to a relatively wide band of nonwoven loop material (FIG. 19). 

Alternatively, e.g., to form the products of FIGS. 12C and 12D, the loop material, 
which may be one of the stretchy loop materials or flexible materials described herein or in 
the references, extends continuously, across the full width (as suggested by the dashed lines 
in FIG. 1 8) and the hook bands are laminated in situ to the loop material across their entire 

20 back surfaces, following which slitting is done as before. 

In the next step each of the four flexible webs passes through a coating line where a 
pressure-sensitive adhesive is applied to the back of the hook strip material (or the loop 
material in the example of FIG. 12C), this followed by a step in which a release liner 32 is 
placed on the adhesive layer, see FIG. 19. 

25 At that point each of the four continuous webs is perforated-cut (kiss-cut) along lines 

400 through the loop and hook side but not through the release liner 32, as shown in FIGS. 
20, 21, and 23, to form a series of elongated bag ties. The direction of the kiss-cuts 400 is 
perpendicular to the longitudinal axis 402 of the composite web, i.e. perpendicular to the 
machine direction. A cross section of the web along the indicated direction 22-22 in Fig. 21 

30 is shown in FIG. 22. 
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Various types of resins may be used to form the hook and the nonwoven material. In 
certain preferred cases, as mentioned, the nonwoven material is made from polyester fibers 
and the hook material from polyethylene. The hook and loop material preferably differ in 
their heat properties. For example, the polyethylene melts sooner than the polyester and 
5 thereby allows, during in situ lamination, the thermal fusing of the hook resin around the 
polyester fiber of the loop material, to form a strong mechanical bond with dimensional 
stability. 

The adhesive for layer 30 is preferably a pressure sensitive type adhesive. In some 
instances, layer 30 may be a synthetic resin suitable for thermal fusion onto a substrate. 

10 Referring now to FIGS. 24 and 24 A, wrap ties carried by a common release liner 202 

may be wound into a roll 210. The wrap ties 206 have one end 208 attached to the release 
liner with the pressure sensitive adhesive and a free end 209. The roll 210 may be fed to a 
standard labeler 200, shown diagrammatically in FIG.24. The release liner is arranged to 
pass under a sharp angle 212 around a peel plate 204, where it reverses direction. The 

15 release liner is flexible and can change direction easily. However, the wrap tie has a certain 
amount of stiffness that causes the edge of the wrap tie 207 not to follow the release liner 202 
around the peel plate 204, and to protrude at the point where the release liner reverses its 
direction (FIG 24 A). In this way the peel plate automatically separates the wrap tie from the 
release liner. 

20 Other features and advantages of this invention may include one ore more of the 

following. The web in FIG. 1 8 may be first coated in appropriate locations with the pressure 
sensitive adhesive and then passed through the slitter where it is longitudinally slit to form 
the hook and loop segments. The very low thickness of both the nonwoven loop material and 
the hook material, along with its low cost and good closure performance, make the wrap tie a 

25 particularly useful component of many products. The wrap ties may be employed, for 
instance to close a plastic bag as described above (FIG. 12 A), to secure pipes or other 
building materials, to bundle cables and secure bundled cables, to serve as diaper tabs, and 
for other straps and wrappings about the body, to secure medical devices, etc. 

While so far we have chosen to illustrate the invention with respect to stretchy tabs 

30 useful for infant and adult diapers; surgical gowns and other garments and wraps and with 
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respect to stretchy ties and straps useful in packaging, bundling and securing building 
material, cables and other devices, it will be understood that the techniques disclosed have 
general applicability and may be used in a wide range of applications. 

For these purposes, various stretchy loop materials and flexible materials, can be 
5 employed. 

FIG. 25 generally illustrates in relaxed condition and FIG. 25a illustrates in stretched 
condition during use, a composite, elastically stretchable loop material. It has a base 
comprised of elastically stretchable material and hook-engageable loops, in this case formed 
on both sides. This represents, diagrammatically, a wide variety of known materials useful 

10 for hook and loop fastening. For instance, the material may be a laminate of an elastomeric 
central layer between two outer layers of nonwoven material configured to define hook- 
engageable loops. By suitably laying the fibers of the nonwoven material to lie 
predominantly in the machine direction, or by pre-stretching the material in the machine 
direction while relaxed in the cross-machine direction and allowing the material to neck and 

15 stabilizing it in such condition, the composite may be substantially non-extensible in the 

machine direction while elastically stretchy in the cross machine direction for the advantages 
described earlier concerning machine direction tension. FIG. 26 generally illustrates in 
relaxed condition and FIG. 26a illustrates in stretched and stabilized condition, a knit fabric, 
also having single direction stretchiness properties. The fabric has hook-engageable loops 

20 not shown. In this case, as with the needled nonwoven product described earlier, an 

elastomeric fluid binder is applied and cured to stabilize the fabric in the distended condition 
of FIG. 26a, such that the fabric does not have significant elastic stretchiness in the direction 
of the arrow in the figure, while having elastic stretchability in the orthogonal direction. 

Stretchy nonwoven materials may be made in other known ways which provide hook- 

25 engageable loops and are elastically stretchable. Useful materials are webs which themselves 
or their components are originally extensible in both machine and cross-machine directions, 
but which during manufacture are treated or have components added that eliminate 
extensibility in the machine direction. 

A general class of such useful stretchy hook-engageable webs for the purposes being 

30 described, comprises webs which have an elastic or an elastomeric layer such as a film or 
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thin layer of thermoplastic elastomer or synthetic or natural rubber, which by itself would be 
elastic in both orthogonal directions during manufacture. Such layer is elastically pre- 
stretched widthwise only and combined with longitudinally dimensionally stable 
constituents. These, thereafter, prevent extension in the machine (lengthwise) direction. 

5 Following such assembly, the web is relaxed widthwise and allowed to elastically contract. 
It is capable thereafter of extending elastically in the widthwise direction. One example is a 
very thin elastic film, e.g. of less than .001 inch thick or, in sturdier fabrics, less than a few 
thousandths inch thickness which, while being stretched widthwise, has combined with it on 
one or preferably on both sides, non-extensible thin nonwoven fabrics which have the effect 

10 of preventing lengthwise stretch, but which, upon relaxation of the widthwise stress and 

contraction of the elastic layer, gather to form longitudinally-extending loop-covered ridges 
or ribs, which define hook-engageable loops that can thereafter be distended under widthwise 
stress that stretches the elastomeric foundation layer. 

Another example of useful webs is the general class of needled, uni-directionally pre- 

15 stretched and stabilized, hook-engageable, nonwoven, stretchy or flexible webs that have 
been described in detail above, preferred embodiments of which are formed from highly 
crimped polyester staple fibers which have been needled to form loops on the face of the 
fabric and then stretched at least 20% (only in the machine direction for elastically stretchy 
fabric while the needled fabric is relaxed and allowed to neck in, in the cross-machine 

20 direction), and stabilized with a binder (preferably for elastically stretchy fabric, an 

elastomeric binder such as nitrile rubber binders, the Hystretch® binder referred to above or 
other binders available from B.F. Goodrich Comopany). 

A useful guide to the degree of elastic extensibility or stretchability suitable for 
elastically stretchy products according to the invention is given by others in the field who 

25 have sought to address some of the same needs that are successfully addressed in the present 
application. Thus, in respect of products such as sanitary napkins, diapers and extensible 
wraps used for athletic purposes, i.e. to support joints and muscles, U.S. Patent 6,080,347 
considers a substrate to be suitably elastically extensible if it exhibits a relaxation-extension 
area ratio greater than or equal to about 0.6, and preferably greater than or equal to about 

30 0.75 when tested as described in that patent. See also U.S. Patent 5,3 1 8,555 and U.S. Patent 
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6,106,922 and the elastomeric nonwoven laminates disclosed in U.S. Patents 4,789,699; 
4,863,779; 4,939,016; 5,536,563 and 5,681,645. The full disclosures of all references cited 
here are incorporated by reference. These standards can apply to the present invention as 
well. 

5 A superior product, produced according to the present invention, employing an 

elastically extensible, hook-engageable web similar to as that described in U.S. Patent 
6,080,347, but the product having very superior attributes over the products described in that 
patent, will be described with references to FIGS. 27 et. seq. The particular stretchy loop 
web to be employed in the following example is elastically extensible in the cross-machine 

10 direction, but substantially inextensible in the machine direction. 

FIG. 27 illustrates a transverse (cross-machine direction) cross-section of a composite 
loop material web 410 during its manufacture. Elastic central layer 412, is extended uni- 
directionally, in the cross-machine direction, under tension (as indicated by arrows in FIG. 
27) and thin upper and lower dimensionally stable nonwoven layers 414 are applied to 

15 opposite major surfaces, formed as by melt blown or spun bonded nonwoven forming 

techniques. The nonwoven layers are bonded to the elastic foundation layer by a series of 
close-together relatively narrow machine-direction thermobonding lines 416 extending 
lengthwise so that when the widthwise stretching is relaxed, the relatively free nonwoven 
segments between the weld lines pucker or form corrugations while the elastic core layer 

20 contracts widthwise. The completed material (FIG. 27 A) has pillowed regions 418 of hook- 
engageable fibers of the nonwoven layers formed by bulging of the nonwoven material 
between adjacent thermobonding lines, presenting hook-engageable fiber loops. 

Such a loop material can be used to form the product 450 illustrated in FIGS. 28-28E, 
i.e., a "zebra-like" composite stretchy hook and loop material formed with separated bands 

25 452 of loop-engageable hook on the widthwise stretchy loop material 410. Between the 
bands of hooks, the material 410 appears as bands of hook-engageable loop material. (A 
similarly appearing product of non-stretchy material can advantageously be formed by 
employing a non-stretchy loop material). In either case, by choice of a highly flexible loop 
materials, the regions of unconstrained loop material (free of the resin from which the hooks 

30 are formed) that lie between the bands of loop-engageable hooks provide flexural regions 
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that contribute considerably to the overall flexibility and conformability of the composite 
product. 

Referring now to FIG. 29-29B, a process and apparatus similar to those described 
above with reference to FIGS. 9-10 is illustrated for forming the product of FIG. 28. The 

5 loop material 4 1 0 is fed into a nip 420. If it is elastic in one direction, it has its elastic 
dimension perpendicular to machine-direction tension (indicated by arrow T). Nip 420 is 
formed by a mold roll 422 and pressure roll 424 similar to those previously described. 
Simultaneously with feeding in the loop material 410, thermoplastic resin 426 is fed into nip 
420 by extruder 430 through the spaced narrow width, slot die orifices of deckled die 428 

10 (FIG. 29A) so that the resin is provided as narrow, separated bands conforming to a common 
plane. As these bands of molten resin pass into nip 420 they are, on one side, in situ fully 
across their back to surface structure of loop material 410 while on the other side, the resin is 
molded into the form of loop-engaging fastener elements (or molded stems which are later 
treated to form loop-engageable features, as previously described). This produces spaced 

15 apart, parallel hook bands 452 (FIGS. 28-28E), or bands of stems that are later treated to 

form hooks on one side of the carrier sheet, while the opposite side of the loop material can 
remain pristine, free of hook resin, and, if defining hook-engageable loops on that side, the 
loops remain unimpaired and effective. Spreader rolls 411,413 having parallel ribs and 
grooves slightly angled away from their center (FIG. 29B) guide the material and maintain it 

20 wrinkle free, widthwise during processing. 

CFM-29 hook forms may be employed. The hook bands may for instance, have 
width of 1/8 inch to 1/4 inch, and provide, in each band, many rows of hooks, e.g., 10 to 50 
closely spaced rows of tiny hooks. 

As illustrated in FIG. 30 a self-engaging article formed by cutting a stretchy 

25 composite material 450 along lines A (FIG. 28), in relaxed state, has width (w) and in its 

stretchable direction has a multiplicity of alternating loop and hook bands, the loop bands of 
dimension (F) at least equal to the dimension (fy of the hook bands and preferably between 2 
to 5 times larger, for self-engageable products that engage upon themselves regardless of 
location. Under tension during use, the material of FIG. 30 is stretched as illustrated in 

30 FIGS. 30A and 30B so that the loop bands have increased dimension (£i). The material of 
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FIG. 30, arranged in a roll of strapping, can be dispensed from a roll as illustrated in Fig 30C. 

There are many uses for such self-engaging straps and wrappings. For example, FIG. 
3 1 is an illustration of use of the article of FIG. 30 as a strap to yieldably support a medical 
IV drip catheter 460 from a support rod 462. As diagrammatically illustrated in FIG. 31 A the 

5 inter-engagement of the bands of hooks 452 with the bands of loop material on the same side 
of the material accomplishes securement. FIG. 32 illustrates adaptation of the article of FIG. 
30 as a cinching strap, in this case, for instance securing the IV catheter 460 to a solid 
support 464, with bands of hooks which overlap the back of the material engaging hook- 
engageable loops on the back surface. FIG. 32A similarly illustrates the cinching strap 450 

10 being wrapped (as indicated by the arrow) a number of times about a bundle of elongated 

members 466, e.g. as a bundle tie for a number of medical tubes or electric cables or as a tie 
for a bundle of asparagus or flower stems. 

As illustrated in FIG. 33, a wrapping of extended width (w w ) is cut from material 450 
in the direction of cutting lines C (FIG. 28). FIGS. 33 and 33 A illustrate the wrapping in 

15 relaxed and stretched conditions, respectively. Such a wrapping can be used as a medical 
therapeutic wrapping or athletic protection and strengthening wrapping applied to a part of 
the body such as in locations suggested in FIG. 33B. The free-ends of the wrapping shown 
in Fig. 33B are intended to suggest that the material can be wrapped around itself a number 
of times, engaging itself continuously. When wrapping is completed, the free end likewise 

20 engages the material of the previous turn, to lie neatly flat. The thickness of the resin of the 
base layer of the hook bands can be selected and the base layer of the hook bands can be 
made continuous in their extent and of selected width to provide a desired degree of 
stiffening support or even an immobilizing splint effect, especially when wrapped in multiple 
turns about a joint of the body or a cracked or broken bone or other injured region of the 

25 body that requires stabilization. The material is therefore useful in EMT and emergency 
medicine as well as in conventional clinic and athletic use. 

This wide material can also be made available in a roll and dispensed at chosen 
lengths from a dispenser as depicted in side view in Fig. 30C. 

For further discussion of use of the material in medical products and for novel 

30 product configurations, the reader is referred to co-pending U.S. Patent application number 
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, to Joy, et al. ? entitled "Wound Covering/' filed simultaneously herewith, the entire 

contents of which are hereby incorporated by reference. 

FIG. 34 illustrates an article cut from an elastically stretchy composite at acute angle 
along lines B in FIG. 28 to impart a degree of elastic extensibility both widthwise and 
5 lengthwise of the strap. 

Referring now to FIGS. 35-38, another product 450' similar to that of FIG. 28 but 
arranged to have an extended single band of loop material 410' and a short single band of 
hook material 452', is useful, e.g., as a stretchy bag tie as described earlier, which otherwise 
is formed according to the above techniques. Lines A', B' and C of FIG. 35 indicate 
1 0 examples of directions and the manner in which the material may be cut to form the articles 
of FIGS. 36-38, respectively. When wrapped about a limb, the only hook and loop fastening 
occurs where the single band of hook 452' lands upon the loop material. This produces a 
softer wrapping, useful for instance on regions of the body intended to remain active and 
capable of flexing. 

15 FIGS. 39 and 40 illustrate a method and apparatus for forming a stretchy loop product 

having characteristics similar to that described above with reference to FIGS. 27 and 27 A. In 
this case, the uni-directionally stretchy loop material 510 is formed by application of 
widthwise tension to an elastic carrier 512 while a non-extensible, nonwoven fabric 514 is 
formed on its surface comprising fibers 515. Fibers 515 are laid directly on the layer 512 as 

20 with nonwoven textile manufacturing techniques, e.g., by airlaying or melt blowing 

techniques, the fibers adhered to each other either by the inherent adhesiveness of the laid 
fibers, or by a minor percentage of adhesive fibers mixed with the main fibers, or otherwise 
by adhesive additives and heating. In the illustrated embodiment, melt blower 513 applies 
fibers 515 to elastic layer 512 while the elastic layer is spread in a widthwise direction (e.g., 

25 by a tenter frame not shown) to form nonwoven layer 514. the fibers may have a principal 
orientation in the lengthwise direction such that the layer they form is not readily extensible 
in that direction. In one technique (not shown), thin upper and lower dimensionally stable 
nonwoven fiber layers are combined on respective sides with stretched elastomeric plastic 
film (see FIG. 27). In another embodiment, the nonwoven layers are separately formed, then 

30 introduced respectively to opposite sides of the width of the stretched central elastic layer. 
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In either case, following application of nonwoven web(s) 514, a series of close- 
together thermobonding lines 516 extending in the machine direction are formed at bonding 
station 517 to bond the nonwoven web(s) 514 to the faces of elastic film 512. After 
solidification of the bonds, the widthwise tension is released. As the elastic film contracts, 
the nonwoven material on opposite sides gathers into ridges or corrugations between the 
bonding lines, as illustrated in Fig. 27a referred to above. This forms a uniform set of closely 
adjacent parallel hook-engageable ribs 516 extending in the machine direction, the material 
being elastically stretchy widthwise and relatively inextensible in the machine direction. 

In another case, a hook-engageable textile such as a knit material, is formed, which 
incorporates a suitable percentage of elastic yarns, such as SPANDEX® yarns (principally 
comprised of urethane), which are incorporated under light tension during formation of the 
web. Other elastomeric yarns may be of GLOSPUN® or 

CLEARSPUN® available from Globe Co., or DORLASTAN®, available from Bayer Inc., or 
other yarns formed of filaments of long chain elastic material such as segmented 
polyurethane. Where less stretch is required, texturized yarns comprised of crimped fibers or 
crimped yarns are employed, such as those produced by stuffer-crimpers, gear crimpers, or 
other known crimping techniques or by microcroping. Crimped or texturized polyester 
filaments and yarns are particularly preferred for strength in achieving hook and loop 
engagement. 

Upon initially being formed, the textile web may be stretchy in the machine as well as 
cross machine directions. Subsequently, or during manufacture of the web, stretch-resistant 
elements, such as polyester monofilaments extending lengthwise may be added to the web, 
such that the resulting composite is not substantially elastically extensible in the machine 
direction, but is elastically extensible in the cross-machine direction, for the advantages 
mentioned above. For example, as illustrated in FIGS. 41 and 42, relatively inextensible 
monofilaments 622 are added to otherwise elastic web 624, so that the resulting composite 
web 620 is relatively inextensible in the direction of the aligned monofilaments, but remains 
stretchable in an orthogonal direction, e.g., the cross-machine direction. 

In another case, the formed web, formed e.g., of SPANDEX® yarns, is pre-stretched 
in the machine direction to its limit while relaxed widthwise, and then heat set, thus 
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removing extensibility in the machine direction. 

In the example, as described above, and now illustrated in FIGS. 43 and 44, 
nonwoven batt 630 (formed e.g., as described in the above-incorporated U.S. Patent 
application 09/262,159), relatively stretchable in all directions, is passed through needling 
stations Nl and N2, where it is needled to form a nonwoven mat having hook-engageable 
loops. Subsequently, the needled web passes through tension control nip rolls, SI prior to 
application of a binder (as discussed above) at coating station C and then through tension 
applying nip S2. The speed of the rolls at station S2 is greater than those at SI so that the 
web is stretched in the machine direction, while it is maintained in a relaxed state cross-wise, 
enabling the necked down condition illustrated in FIG. 44. The web, fully elongated in the 
machine direction, and having fluid elastomeric binder applied to its back surface, is then 
passed through curing oven V, where the material is stabilized to provide a hook-engageable 
material which is elastically stretchy in its cross-machine direction only. 

Other examples of webs having one-direction stretchiness have been described earlier 
herein, such as pre-stretched, and stabilized knit fabric and still others are readily formed 
according to various patents cited above, or by modification of such fabrics and forming 
techniques following principles and techniques given here. 

While a principal thrust of this disclosure has been the effective and easy production 
of elastically extensible hook and loop fastening materials, and composites which comprise 
bands of loop-engageable hooks and hook-engageable loop, various aspects of the invention 
can be employed to form advantageous flexible articles which are not substantially 
extensible. An example is a "zebra-like" material, of alternating bands of loop-engageable 
hooks and hook-engageable loops, the loop component, on which the bands of hooks are in 
situ laminated, being a conventional widthwise uniform inextensible loop product, for 
instance knit hook-engageable loop material 3905 available from Velcro, USA. One 
example of the use for such material is to wrap articles which themselves have a degree of 
resiliency, such as a bundle of electrical cables, which by the tendency of the bundle to 
expand, maintains the fasteners under sheer loading when wrapped about the cables as a strap 
or wrapping. The material, of suitably long dimension, may be folded over to form a long 
enclosing sleeve to provide an easily applied protective sheathe to cables, limbs, tubes, 
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vegetables or the like. Such a sheath can also serve as a sound deadening cushion to prevent 
rattles, e.g. when electric cables shrouded with the material, are installed in the structure of 
an automobile or other vehicle. Likewise the sheathe may provide thermal insulation or 
abrasion protection to objects wrapped. 
5 In the foregoing embodiments the surface upon which bands or islands of molded 

fastener stems have been in situ bonded has been defined by a flexible or elastically stretchy 
carrier sheet which has conformed to the cylindrical surface of the mold roll. This has 
numerous advantages, among which are protracted dwell time even when the mold roll turns 
rapidly. This enables the tiny molds to fill with resin and the resin to flow to form the base 

1 o that bonds to the carrier, and to cool, before the point is reached at which the molded stems 
(and crooks, if integrally molded with the stems) are pulled from the molds. Certain broad 
aspects of the invention, however, are not limited to such arrangements. 

Referring to Figs. 45, 46 and 47 a preformed carrier 1 10a is of planar form as it 
proceeds through the mold station. For instance the carrier may be a widthwise stretchable or 

15 flexible web such as a knit loop fabric, or an elastically stretchable carrier or loop material of 
any of the examples given above. In such cases, a tenter frame 33 maintains the carrier sheet 
in a width-wise flat condition or, when desired, stretched with as much as 50% or even 100% 
widthwise elastic extension depending upon the material of the carrier. 

Under such conditions, as shown in Fig. 45, a cantilever-mounted mold roll extends 

20 inwardly form the edge of the carrier sheet or work piece to the position where a band or 
bands of molded fastener stems or, as shown, fully formed molded fastener hooks, are 
desired. 

Where the band or bands of fastener stems or fully formed hooks are to be applied 
near the edge of the carrier, the required nip forces are sufficiently low that the rolls may be 
25 supported from one end using suitably spaced bearings of a cantilever mounting. That 

arrangement is suggested in the solid line diagram of the mounting of mold roll 46a in Fig. 
45. Where the nip pressure is greater, a cantilever support 35 for the second bearing is 
employed, as suggested in dashed lines in the figure. 

Referring to FIGS. 45 and 46, the operation of molding apparatus is illustrated with 
30 workpiece 1 1 0a being fed through nip 36 formed by mold roll 46a and pressure roll 48a. 
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Mold roll 46a extends from frame 36 in a cantilevered fashion, e.g., supported from one side 
only, so that workpiece 1 10a of width, W 2 , greater than the width, W 3 , of mold roll 46a can 
be processed through nip 36 without interfering with frame 36. Typically mold roll 46 has 
width W 3 of less than approximately 2ft. The cantilevered support of one or the rolls leaves 
an open end of nip 36 to allow workpiece of substantially greater than either roll 46a or 48a 
to pass through nip 36 without interfering with support frame 36. As workpiece 1 10a moves 
through nip 36, cavities 37 of mold roll 46 a are filled, as described below, with molten 
thermoplastic resin, e.g., polypropylene, to form engageable elements, e.g., hooks which are 
deposited in a relatively narrow band onto a portion of workpiece 1 10a. The initially molten 
thermoplastic resin adheres the base of each hook stem to workpiece 1 10a as the 
thermoplastic resin solidifies, in a in situ bonding action. 

The amount of molten thermoplastic resin delivered to the mold roll determines 
whether the hooks will form an integral array of thermoplastic resin joined together by a thin 
base layer which is adhered to the surface of the preformed carrier sheet or workpiece 1 10a 
or whether the hooks will be separate from one anther, individually adhered to the carrier. 
For example, as shown in FIG 4, a thin layer of thermoplastic resin forms a base layer 122a 
integral with the array 125c of hooks 124c. 

However, by reducing the amount of thermoplastic resin delivered to the mold roll, 
joining base layer 122a can be eliminated so that the base of each molded fastener stem is in 
situ bounded carrier 1 10a without thermoplastic resin joining the hooks together. 

Referring now to FIG. 47, an example of delivery of molten thermoplastic resin to the 
mold roll to form fastener elements on the workpiece will be described. Molten 
thermoplastic resin is delivered to mold roll 46a by extruder 42. Delivery head 42a of 
extruder 42 is shaped to conform with a portion of the periphery of mold roll 46a to form 
base layer 122a and to prevent extruded thermoplastic resin from escaping as it is forced into 
hook cavities 37 of rotating (counterclockwise) mold roll 46a. Rotation of mold roll 46a 
brings base portions of thermoplastic resin-filled cavities 37 into contact with workpiece 
1 10a and the thermoplastic resin is forced (by pressure roll 48a (FIG. 45)) to bond to the 
surface of workpiece 1 10a. In the case of porous or fibrous carrier sheets or workpieces, the 
thermoplastic resin solidifies, portions which have partially penetrated the surface adhere to 
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workpiece 1 1 Oa with further rotation of mold roll 46a partially solidified molded hooks or 
stems are extracted from mold cavities 37 leaving a band of hooks or stems projecting from 
workpiece 1 10a. By adjusting the space between head 42a and mold roll 46, the volume of 
molten thermoplastic resin delivered, and the speed rotation of mold roll 46a, an amount of 
thermoplastic resin beyond the capacity of mold cavities can be delivered to mold roll 46a. 
This additional thermoplastic resin resides on the periphery of mold roll 46a and is brought 
into contact with workpiece 1 10a to form base layer 122a of thermoplastic resin from which 
the stems of the engaging elements 124c extend. In dashed lines, an alternative method of 
delivering the molten resin to the mold roll, as described previously above, is also suggested. 

It will be realized that the apparatus of Figs. 45-47 do not require that the preformed 
carrier be flexible. It may indeed be a rigid workpiece, for instances it may be a construction 
material such as preformed building siding, roofing material, or a structural member, fed 
through the molding station on appropriate conveyors. The apparatus of all of the 
embodiments may be incorporated in a manufacturing line, in which the carrier or workpiece 
is a perform, upon which further actions are taken other than in situ bonding of fasteners or 
fastener stems occurs. The manufacturing line may be, e.g., for manufacture of building 
siding, roof shingles or packaging sheet or film. 

There are other ways to form e.g. separated parallel linear bands or discrete, 
disconnected islands of hooks on the above-described carrier webs within certain broad 
aspects of the present invention. For example, at dispersed, selected locations across the 
width of a traveling preformed carrier web, e.g. a material defining hook-engageable loops, 
discrete separate molten resin deposits of the desired form, e.g. of x, y-isolated islands, or in 
spaced apart parallel bands, may be deposited upon the surface structure of the carrier web. 
Following this, upper portions of the resin deposits, while still molten, or after being reheated 
by an intense localized flame line, are molded into fastener stems by mold cavities that are 
pressed against the resin deposits. For instance, at selected widthwise separated locations 
along a deposit line, as the web transits the line, discrete island-form deposits are made at 
selected locations. Immediately, with the resin still molten, or after heat activation, the web 
is introduced into a molding nip, formed by a mold roll and a pressure roll. The mold roll, 
for instance, defines tiny fixed hook fastener cavities as described above, or smaller fastener 
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features, e.g. of less than 0.005 inch height, or similarly shallow cavities for tiny stem 
preforms, that are aligned to press down upon the resin deposits under conditions in which 
nip pressure causes the molten resin to enter the cavities at the base of the stem portion of the 
cavities, and fill the molds, and be molded into a localized dense array of stem preforms or 
into a localized dense array of fully formed loop-engageable molded hooks. With 
appropriated amounts of resin in the deposits, a base layer common to all of the molded 
stems of a discrete island deposit can be formed by the mold roll surface, as may be desired. 
The mold pressure, simultaneously with the molding, causes the resin to bond firmly to the 
surface structure of the preformed carrier, effecting in situ lamination, Where the preformed 
web has a fibrous or porous makeup, as with hook-engageable loop material, the nip pressure 
causes the resin to commingle with the top fibers or other structure that define the surface 
structure of the web, without penetrating the full depth of the web. Thus the opposite side of 
the carrier web can remain pristine, free of the molding resin, and, if the opposite surface of 
the preformed web defines a uniform surface of hook-engageable loops across the full width 
of the article, the effectiveness of those loops can be preserved while the molded stems or 
fully molded hooks are molded and in situ bonding occurs. 

With such arrangements it will be understood that the regions of carrier material 
between the separated islands remain free of the resin from which the hooks or stem 
preforms are molded. Thus, in the case of elastically stretchy carrier sheet preforms, whether 
of plain preformed elastomer sheet, or of stretchy hook-engageable loop material, the resin- 
free regions enable the web to provide elastically stretchy, while flexible of the article in both 
orthogonal (X,Y) directions in the plane of the web is achieved. Where the preformed carrier 
web is a non-stretchy, but flexible material, such as a bi-directionally stabilized knit loop 
product having hook-engageable loops on both sides, the regions between the separated 
islands enable the finished article to be simply flexible in both X and Y directions in the 
plane of the fabric. 

In certain embodiments, rather than locating discrete regions of hook cavities on the 
mold roll, in positions to register with a pre-arranged pattern of resin deposits, the mold roll 
may simply have an array of mold cavities entirely occupying the mold surface of the roll, or 
may have such mold cavities in narrow bands separated by enlarged spacer rings or cross- 
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wise extending ridges, as described above. 

Thus, wherever it is determined to be advantageous to have molten deposits for 
discrete bands or islands of hooks, the deposits will register with appropriate molding 
structure, defining either an array of hooks (or molded stem preforms) or subsets of such 
hooks and preforms separated by parting or flexure regions in one or both directions, for 
providing a desired degree of flexibility to the islands or bands themselves. This enables the 
same molding nip setup to be operable with a wide range of selectable patterns of localized 
deposit of the molten resin, with considerable economies in capital cost and ease of 
operation. 

Other features and advantages of the invention will be realized from the disclosure 
and drawings, and are within the scope of the following claims. 
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